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Serve as precision scientific instruments. 

Deliver megajoules of energy to 
milligrams of matter on a time scale of 
nanoseconds. 

Achieve extreme states of matter over 
macroscopic volumes. 

Drive a wide variety of high-energy-
density-physics experiments in support 
of the U.S. national-security mission. 

Pulsed-power accelerators 



Pulsed-power experiments presently deliver the following: 
 

§  Kinetic energy per atom:  1 MeV. 
§  Implosion velocities:  100 cm/µs. 
§  Shock velocities:  30 km/s. 
§  Temperatures:  5 keV. 
§  Magnetic pressures:  5 Mbar. 
§  Energy radiated in K-shell x rays:  400 kJ. 
§  Energy radiated in thermal x rays:  2.3 MJ. 
§  Power radiated in thermal x rays:  330 TW. 

20-TW 33-m-diameter Saturn 
accelerator 
 

(Bloomquist, Corcoran, 
Spielman, and colleagues.) 

100-ps x-ray 
image of a 

280-TW z pinch 
at stagnation 

1 cm 

(Deeney, Douglas, Spielman, 
and colleagues, PRL, 1998.) 
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Sandia’s Z accelerator is presently the world’s largest and 
most powerful pulsed-power machine. 

§  Since 1997 we 
have conducted, 
on average,  
160 Z shots 
each year. 

§  To date, we 
have conducted 
3000 shots 
altogether. 

§  Z shots drive a 
wide variety of 
experiments in 
support of the 
U.S. national-
security mission. 

Estored = 20 MJ 
Pelectrical = 85 TW 

Vstack = 4 MV Iload = 26 MA 
τimplosion = 130 ns 

Eradiated = 2.3 MJ 
Lvacuum = 12 nH diameter = 33 m 



Results of experiments 
conducted on Z have 
motivated ~1000 peer-
reviewed journal articles. 

Research areas advanced by the 
experiments include the following: 

§  Inertial confinement fusion (ICF). 

§  Material physics. 

§  Plasma physics. 

§  Radiation physics. 

§  Laboratory astrophysics. 

§  Accelerator physics. 

of pure Be or Al and about 1 cm in height, containing a high-
pressure gas fill of fuel (gas densities qg! 1–5 mg/cc). A
schematic of the target is provided in Fig. 1. First, an axial
magnetic field ðB0

z ! 5# 100 TÞ is generated throughout the
load region on the ls timescale by external capacitors and
magnetic coils positioned near the load. Second, when the
pulsed-power accelerator discharges, an azimuthal Bh mag-
netic field is formed around the liner by the large MA-level
axial currents, and via the Jz%Bh Lorentz force, begins to
drive the liner implosion, which occurs on the 10s of ns time-
scale. Third, as the liner begins to implode, laser energy
(Elas! 2–25 kJ) is coupled to the fuel through a laser entrance
hole (LEH) in the top of the target, causing the fuel to be pre-
heated (ion temperatures Ti! 50–500 eV). The resulting order
!1 Mbar highly conductive plasma has high b (the ratio of
thermal to magnetic pressure) and the Bz field is partially fro-
zen into the plasma. The quasi-adiabatic implosion is subsonic
and the liner accelerates until peak implosion velocity vimp

just prior to deceleration and stagnation at small radius on the
plasma pressure near the axis. The resulting areal density qR
of the fuel is low by typical ICF standards (!1–10 mg cm#2).
Since instability and asymmetry can prevent reaching high
implosion stagnation pressures Pstag, the required convergence
ratio CR (defined as the ratio of initial gas radius to stagnated
radius) should be minimized.

Volumetric compression in cylindrical geometry is
reduced compared with spherical. However, by preheating
the fuel before its compression and by reducing its radial
thermal electron conduction losses via magnetothermal insu-
lation, lower liner-imparted PdV work to the fuel may be
used to achieve fusion-relevant Ti> 4 keV temperatures with
CR& 20–30 and vimp' 100 km/s (compared with CR> 30
and vimp> 300 km/s in traditional ICF). This is a conse-
quence of the fact that fuel magnetization in low qR fuel
enables reduced driver power, which scales as !(qR)2 for
fixed ignition temperature in cylindrical targets.27 The initial
B0

z is flux-compressed to Bf
z ( 5#10 kT ð( 50#100 MGÞ at

stagnation, and the typical ignition threshold for the fuel qR
(!0.3–1 g cm#2) is replaced with one for Bf

zR,27 or equiva-
lently R=ra

L, where ra
L is the Larmor radius ðmav?=qBzÞ of the

fusion alpha particles. Inertial confinement for the volumet-
ric fusion burn is provided by the liner qR instead. Magnetic
Reynolds numbers vary from a few 103 to 104, and the Hall
parameter xcese, the product of electron cyclotron frequency
and electron-ion collision time, can exceed a few hundred at
its peak. Due to magnetization of the alpha particles

produced in the hot spot, they can provide self-heating of the
thermonuclear plasma. The Pstag required to achieve fusion
conditions in this approach is lowered to a few Gbar, from
the 100s of Gbar necessary in traditional ICF.

Magnetically-driven MagLIF implosions are substan-
tially different than radiation-driven ICF implosions. As al-
ready mentioned, many traditional performance metrics are
significantly eased (vimp, dv/dt, qR, and Pstag). Since pulsed
power is energy-rich, the liners are thick and massive with as-
pect ratios of order !10 (ratio of outer radius to liner thick-
ness) in order to improve implosion robustness to magneto-
Rayleigh-Taylor (MRT) instability.28 Radiography data from
liner implosions on Z prior to integrated MagLIF experiments
suggest the inner liner surface is sufficiently stable up to at
least CR& 7,29–32 and the presence of the Bz field may pro-
vide further stabilization.31 The liner materials contain no
high atomic number dopants normally used to prevent x-ray
preheat of the fuel, drive symmetry is not influenced by the
presence of complex radiation flux from laser-plasma interac-
tion, and simulations suggest the fuel can withstand higher
amounts of mix.9 Due to the drive pressure dependence
Pdr ! I2r#2

l , where rl is the outer radius of the liner, peak ve-
locity and acceleration occur at the end of the implosion
(when the in-flight aspect ratio is order unity), implying
improved stability. Hot spot formation is externally-supplied
via laser preheating, not from spherically-converging well-
timed shocks. At stagnation, the liner is not ablated away but
becomes a compressed tamper with high qR. For these rea-
sons, the realization of high convergence with few ns confine-
ment times at stagnation is possible, and the first integrated
MagLIF experiments10 suggest CR! 40 was achieved.

Focused experiments involving each of the necessary
components for MagLIF are being conducted using the Z fa-
cility and Z-Beamlet (ZBL) laser.33 The focused experiments
study the issues of current delivery, liner stability, flux com-
pression, and laser heating of pre-magnetized gas. Current
delivery is presently limited to Imax! 18–20 MA by the
higher-than-usual inductance of the load power feed in use
to accommodate the magnets. Evidence has not been found
for shorting within the transmission lines due to the applied
Bzẑ crossing the gap, in agreement with 3D particle simula-
tions, which also predict enhanced insulation at late times
due to the Bz field. Initial simulations using 27 MA suggested
aspect ratio 6 liners made of Be may be sufficiently stable to
instability growth during the implosion.9 Liner stability and
flux compression experiments using only imploding liners
and Bz field (no laser energy) have occurred at reduced cur-
rent,31,32 wherein inner surface liner integrity appeared to be
maintained throughout the implosion and probes measured
the change in fringe-field strength above the imploding
region, respectively. Laser-only experiments of pre-
magnetized targets are being conducted with ZBL, using a
laser wavelength klas¼ 527 nm (frequency-doubled 2x light
from Nd:glass) in order to infer energy absorption and pene-
tration depth into the gas. Simulation benchmarking efforts
to these focused experiments are occurring simultane-
ously with integrated MagLIF design and interpretation
of experiments, but will be reported in future
publications.

FIG. 1. Schematic of the MagLIF concept.
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Z’s success naturally leads to the question: 
How do we advance to the next technological level? 

How do we design accelerators that will serve as a suitable 
legacy from us to the next generation of HEDP scientists? 
 

This presentation will address this question. 

How do we design next-generation pulsed-power accelerators? 
 
How do we increase substantially the power and energy delivered to 
the load, to allow high-energy-density-physics (HEDP) experiments 
to be conducted over heretofore inaccessible parameter regimes? 
 
How do we achieve thermonuclear ignition and high-yield fusion? 
 
At the same time, how do we make the accelerators safe, robust, 
and reliable? 
 
In other words: 
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For decades, the HEDP community has designed machines 
with an architecture similar to that of Z.  
§  Each of Z’s 36 modules includes four stages of electrical-pulse compression. 

§  These introduce impedance mismatches, which create reflections of the power pulse. 

§  The reflections damage hardware, reduce efficiency, and complicate efforts to model a Z shot. 

1 2 3 4 



6-MV Marx 
generator 

6-MV intermediate-
energy-storage 
capacitor 

6-MV laser-
triggered SF6 
gas switch 

6-MV coaxial 
pulse-forming 
line 

insulator 
stack 

5-MV self-
break water 
switches 

vacuum- 
line 
system 

  

pulse-
sharpening 
water 
switches 

charge:  100 s 
discharge:  1 µs 

charge:  1 µs 
discharge:  200 ns 

charge:  200 ns 
discharge:  100 ns  

water-insulated triplate 
transmission lines physics load 

We could continue 
to build new 
accelerators using 
this approach to 
machine design. 



electrical power source 

We propose instead to base the designs of next-generation 
accelerators on a new architecture. 

charge:  100 s 
discharge:  100 ns 

transmission-line impedance transformers 

The architecture is based on two concepts:  single-stage electrical-pulse compression and 
impedance matching. 

§  We propose to go from DC-charged capacitors to the requisite 100-ns pulse in a single step. 

§  This eliminates the need for pulse-compression hardware. 

§  This in turn simplifies machine design, increases efficiency, increases component 
lifetimes, and facilitates simulations of an accelerator shot. 

§  We propose to use impedance matching throughout. 

§  Impedance matching reduces reflections of the power pulse within the accelerator, and 
improves accelerator efficiency. 

physics load 

insulator 
connection 
to the load 



electrical power source 

charge:  100 s 
discharge:  100 ns 

transmission-line impedance transformers physics load 

insulator 
connection 
to the load 

Let us consider how the new architecture might be applied 
to the designs of next-generation accelerators. 

We begin by considering accelerators optimized for material-physics 
experiments. 
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Z and other pulsed-power 
machines are used to drive 
material-physics experiments. 

§  This application is outlined in 
seminal publications by Reisman 
and colleagues (JAP, 2001) and 
Hall and co-workers (RSI, 2001). 

§  The magnetic pressure 
generated within a short-circuit 
load drives the experiment. 

current 
flow 

material 
sample 
under 
study 

conductors of the 
short-circuit load 

B 

Pmagnetic =
µ0 I

2

2 w2

I = current 

w = width of the conductor 

material-physics 
load fielded on Z 

idealized 
material-

physics load 

diagnostic 
fiber optic 



There is a need for accelerators 
that are optimized for material-
physics experiments. 

§  Hazardous-material 
experiments are conducted 
on Z within a containment 
system. 

§  The containment 
system is open at t = 0, 
and is explosively 
closed. 

§  It would be safer to use 
a passive containment 
system, one that is 
always closed. Z accelerator 

§  Z was optimized to deliver a 26-MA 100-ns current pulse 
to an imploding z-pinch load. 

§  Such experiments generate a high voltage, which 
requires use of a 3.4-m-diameter stack-MITL system. 

§  A material-physics experiment requires a ~1000-ns 
current pulse, which generates much lower voltages. 

§  A 3.4-m stack-MITL system is unnecessary for such 
experiments, and reduces system efficiency. 

3.4 m 

Z MITLs 



Instead of building one next-generation machine that tries to do 
everything, we propose to develop two classes of machines. 

§  One class will be optimized for material-physics experiments. 

§  The other, thermonuclear-fusion research. 

§  We are proposing a branch in the evolution of megampere-class accelerators. 

Z accelerator 

material-physics 
accelerators 

fusion-research 
accelerators 



We propose the following requirements for machines that 
are optimized for material-physics research. 
§  Pulse compression:  From DC-charged capacitors to the requisite pulse in a single step. 

§  Impedance profile:  Impedance matched throughout. 

§  Magnetic pressures:  At least one megabar. 

§  Containment system:  Passive, one that is closed at t = 0 and does not use explosives. 

§  Size of the primary containment system:  Less than ~1 m in diameter. 

§  Pulse shaping:  The accelerators should be arbitrary waveform generators. 

§  The machines should be designed to generate an arbitrary current-pulse shape at 
the load, and achieve a target shape with an accuracy better than 1%. 

§  Accelerator simulations:  The accelerator designs should enable fast and accurate 
circuit simulations of a shot. 

§  Accelerator lifetime:  The accelerators should use robust long-lifetime components. 

§  Engineered safety:  The accelerators should not use potentially lethal energy-storage 
capacitors, SF6 or any other asphyxiant or greenhouse gas, high-power lasers, or 
materials that include lead or other neurotoxins. 
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We have developed a conceptual design of Thor. 

§  Each of Thor’s 200 drive circuits is a single “brick”. 

§  Each brick consists of two 80-nF capacitors in series with a 200-kV gas switch. 

§  Thor stores 160 kJ and generates 1 TW of peak electrical power. 

§  Thor uses single-stage electrical-pulse compression and is impedance matched throughout. 

§  The 200 bricks are transit-time isolated from each other by 300-ns-long coaxial cables.  
Hence the current pulse at the load is a linear combination of 200 time-shifted pulses. 

§  Current loss is minimized by the use of water and solid-dielectric insulation. 

§  Thor does not use an explosive-driven containment system, potentially lethal energy-storage 
capacitors, SF6 or any other asphyxiant or greenhouse gas, high-power lasers, or materials 
that include lead or other neurotoxins. 

drive circuit, 
or “brick”           
(200 total) 

water-
insulated 
post-hole 
convolute 

solid-dielectric-insulated 
300-ns coaxial cables 
(800 total) 

four parallel water-insulated 
radial transmission lines 

solid-dielectric-insulated radial transmission line 

passive 
containment 
system 

physics 
load 



Each Thor brick stores 800 J 
and generates a peak 
electrical power of 5 GW. 

Savage (unpublished). 
Woodworth et al., PRSTAB (2009). 
Woodworth et al., PRSTAB (2010). 
Gruner et al., IEEE PPC (2013). 
Wisher, Stoltzfus, and colleagues 
    (manuscript in preparation). 

20 cm 

A brick is a single-stage Marx generator. 



A 144-brick 
version of Thor is being 
developed at Sandia. 

Reisman, Stoltzfus, Austin et al., 
PRSTAB 18, 090401 (2015). 





Thor can achieve a wide 
variety of current-pulse 
shapes. 

Two examples are illustrated here. 

§  Thor can achieve a 250-ns linear 
ramp that peaks at 7.3 MA. 

§  The magnetic pressure 
achieved across a 1.4-cm-wide 
conductor is 1.7 megabars. 

§  Thor can also achieve a 200-ns 
linear ramp followed by a 5.1-MA top 
that is flat to ±0.5% over 200 ns. 

§  The magnetic pressure 
achieved across a 1.4-cm-wide 
conductor is 0.8 megabars. 
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We have developed a conceptual design of Neptune. 

§  Neptune is driven by 600 100-ns eight-stage impedance-matched Marx generators. 

§  Neptune stores 4.8 MJ and generates 28 TW of peak electrical power. 

§  Neptune uses single-stage pulse compression and is impedance matched throughout. 

§  The 600 Marxes are transit-time isolated from each other by 450-ns-long impedance transformers.  
Hence the current pulse at the load is a linear combination of 600 time-shifted pulses. 

§  Current loss is minimized by the use of water- and solid-dielectric insulation. 

§  Neptune does not use an explosive-driven containment system, potentially lethal energy-storage 
capacitors, SF6 or any other asphyxiant or greenhouse gas, high-power lasers, or materials that 
include lead or other neurotoxins. 
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Neptune is 40 meters in diameter. 



Neptune can achieve 
a wide variety of 
current-pulse shapes. 

Two examples are illustrated here. 

§  Neptune can achieve a 380-ns linear 
ramp that peaks at 20 MA. 

§  The magnetic pressure 
achieved across a 1.4-cm-wide 
conductor is 13 megabars. 

§  Neptune can also achieve a 300-ns 
linear ramp followed by a 15.7-MA-
top that is flat to ±0.5% over 150 ns. 

§  The magnetic pressure 
achieved across a 1.4-cm-wide 
conductor is 8 megabars. 
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Let us now consider machines optimized for fusion research. 

Z accelerator 

material-physics 
accelerators 

fusion-research 
accelerators 
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Sandia is conducting 
magnetized-liner 
interial-fusion (MagLIF) 
experiments on Z.  

Slutz, Herrmann, et al., Phys. Plasmas (2010).  
Slutz and Vesey, Phys. Rev. Lett. (2012). 
McBride, Slutz, et al., Phys. Rev. Lett. (2012). 
Awe, McBride, et al., Phys. Rev. Lett. (2013). 
Sefkow, Slutz, et al., Phys. Plasmas (2014). 
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Schmit et al., Phys. Rev. Lett. (2014). 
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§  A beryllium liner contains DD or DT 
fusion fuel. 

§  The fuel is magnetized by an applied 
axial magnetic field. 

§  The fuel is preheated by a laser. 

§  The fuel is subsequently compressed 
by the Z-accelerator current. 

§  To date, the MagLIF concept has 
achieved DD neutron yields ~3 x 1012. 
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liner 
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fusion fuel 
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compressed 
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We propose that next-generation accelerators be developed 
that are optimized for thermonuclear-fusion research. 

§  Pulse compression:  From DC-charged capacitors to the requisite pulse in a single step. 

§  Impedance profile:  Impedance matched throughout. 

§  The first such accelerator should be optimized to achieve thermonuclear ignition: 

§  The fusion energy generated by this machine should exceed the electrical energy 
delivered by the machine to its physics load. 

§  The subsequent accelerator should be optimized to achieve high-yield fusion: 

§  The fusion energy generated by this machine should exceed the electrical energy 
stored by the machine’s system of capacitors. 

§  Accelerator simulations:  The accelerator designs should enable fast and accurate 
circuit simulations of a shot. 

§  Accelerator lifetime:  The accelerators should use robust long-lifetime components. 

§  Engineered safety:  The accelerators should not use potentially lethal energy-storage 
capacitors, SF6 or any other asphyxiant or greenhouse gas, high-power lasers, or 
materials that include lead or other neurotoxins. 
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linear-transformer-driver 
(LTD) modules (90 total) 

PLTDs = 320 TW 
ELTDs = 48 MJ Vstack = 7.7 MV Iload = 48 MA 

τimplosion = 154 ns 

fusion yield ~ 18 MJ 
Lvacuum = 15 nH 

diameter = 35 m 

Z 300 will deliver 48 MA to a MagLIF load. 
The goal:  thermonuclear ignition (i.e., a liner gain of ~1). 

Pload = 870 TW 
Eload = 4.3 MJ 

Stygar et al., PRSTAB 18, 110401 (2015). 
Slutz et al., Phys. Plasmas 23, 022702 (2016). 

water-insulated radial-transmission-line 
impedance transformers 

magnetically 
insulated 
transmission 
lines (MITLs) vacuum-

insulator stack 



anode 
cathode 

Each Z-300 
LTD module 
consists of 33 
LTD cavities 
connected 
electrically in 
series. 
Ten cavities 
are illustrated 
here. 

2-m-diameter LTD cavity 



Each LTD cavity 
includes 20 LTD 
bricks connected 
electrically in parallel. 

§  Each brick 
consists of two 
80-nF capacitors 
in series with a 
200-kV switch. 

§  The capacitors 
are charged in a 
plus-minus 
(balanced) 
configuration, as 
suggested by 
Mark Savage. 

oil 

insulator 

200-kV 
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gap 



Z 300’s water-
insulated radial 
transmission-line 
impedance 
transformers 
drive a six-level 
center section. 
§  Six 4.8-m-diameter 

insulator stacks serve 
as the water-vacuum 
interface. 

§  Six magnetically 
insulated transmission 
lines (MITLs) are 
connected in parallel 
by a triple-post-hole 
convolute. 

§  A short single MITL 
connects the convolute 
to the physics load. 



Results of circuit simulations: 
§  Z 300’s LTDs store 48 MJ, and 

generate a peak electrical power of 
320 TW. 

§  The peak power at the insulator stack 
is 260 TW. 

§  The peak power delivered to an 
idealized 0D MagLIF load is 870 TW. 

§  The peak load current is 48 MA. 

§  The electrical energy delivered to the 
load is 4.3 MJ. 

§  2D magnetohydrodynamic (MHD) 
simulations by Slutz and colleagues 
suggest the thermonuclear-fusion 
yield will be ~18 MJ. 
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dj 
magnetically 
insulated 
transmission 
lines (MITLs) 

linear-transformer-driver 
(LTD) modules (90 total) 

vacuum-
insulator stack 

water-insulated radial-transmission-line 
impedance transformers 

PLTDs = 890 TW 
ELTDs = 130 MJ Vstack = 15 MV Iload = 65 MA 

τimplosion = 113 ns 

fusion yield ~ 440 MJ 
Lvacuum = 20 nH 

diameter = 52 m 

Z 800 will deliver 65 MA to a MagLIF load. 
The goal:  high-yield fusion (i.e., a machine gain of ~1). 

Pload = 2500 TW 
Eload = 8.0 MJ 

Stygar et al., PRSTAB 18, 110401 (2015). 
Slutz et al., Phys. Plasmas 23, 022702 (2016). 



Results of circuit simulations: 

§  Z-800’s LTDs store 130 MJ, and 
generate a peak electrical power of 
890 TW. 

§  The peak power at the insulator stack 
is 740 TW. 

§  The peak power delivered to an 
idealized 0D MagLIF load is 2500 TW. 

§  The peak load current is 65 MA. 

§  The electrical energy delivered to the 
load is 8.0 MJ. 

§  2D magnetohydrodynamic (MHD) 
simulations by Slutz and colleagues 
suggest the thermonuclear-fusion 
yield will be ~440 MJ. 
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Both machines will 
enable interesting 
fusion experiments. 

Z 300 
 

 
35 m 

 
48 MJ 

 
320 TW 

 
48 MA 

 
150 ns 

 
870 TW 

 
4.3 MJ 

 
 

~18 MJ 

parameter 
 

 
accelerator diameter 

 
stored energy 

 
peak electrical power 

 
peak load current 

 
implosion time 

 
power delivered to the liner 

 
energy delivered to the liner 

 
DT-fusion yield 

[2D MHD simulations: 
Slutz et al., Phys. Plasmas (2016)] 

Z 800 
 

 
52 m 

 
130 MJ 

 
890 TW 

 
65 MA 

 
113 ns 

 
2500 TW 

 
8.0 MJ 

 
 

~440 MJ 

Slutz et al., Phys. Plasmas (2016). 
Stygar et al., PRSTAB (2015). 
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Both Z 300 and Z 800 are driven by linear-transformer-
driver (LTD) modules.

linear-transformer-driver (LTD) modules



The linear-transformer-driver (LTD) concept was pioneered 
by Koval’chuk, Vizir, Kim, and colleagues.
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A description is given of sections of a linear pulse transformer (a linear transformer driver, LTD) intended for 
use as a fast primary storage device in pulse generators with intermediate inductive energy storage. The results 
of tests of LTDs consisting of 3 and 10 series-connected sections are given. Results are described for 
experiments on coupling energy out of such a generator using a plasma opening switch. 

INTRODUCTION 

The design principles of a primary storage device taking the form of a pulse generator utilizing a linear pulse 
transformer have been known for a long time. The principal advantage of such a circuit compared with an Arkad'ev-Marx 
generator is that the housing of the capacitors in any stage is at zero potential during firing. This makes it possible to avoid 
the necessity of insulating the higher stages of the generator to the full output voltage and also to provide for independent 
triggering of the stages from an external triggering pulse. The latter factor (with simultaneous triggering of the stages) prevents 
a transient process occurring in the circuit which is normally accompanied by the appearance of high-voltage oscillations whose 
amplitude exceeds that of the output voltage pulse. This high-frequency voltage is also applied to the insulation of the stages 
and makes it more difficult to design the insulation of an Arkad'ev-Marx generator. 

The main problem in constructing a linear pulse transformer is that of the relatively high inductance of the capacitors 
and spark gaps in the primary circuk of the transformer. The requirement of the efficient transfer of energy from the primary 
circuit to the secondary then makes it necessary to increase the inductance of the secondary circuit and the inductance of the 
insulating turn. The former gives a drop in the generator power as a whole and latter gives an increase in the cross section (and 
therefore of the weight and cost) of the iron in the transformer core. It is for this reason that up until recently the primary 
storage devices of pulse generators have been preferably constructed using the Arkad'ev-Marx circuit. 

A description is given below of sections of an LTD (linear transformer driver) developed in the Pulse Technology 
Division of the Institute of High-Current Electronics of the Siberian Branch of the Russian Academy of Sciences in 1995-1997. 
The key elements of these sections are low-inductance capacitors made by the firm HAEFELY (75 kV, 5.65 #F, 13 nil, 45 m~ 
or 90 kV, 3.95 #F, 1 nil, 13 mf~) and low-inductance multichannel multigap spark gaps (90 kV, 750 kA, 8.5 nit) [1], 
developed at the Institute of High-Current Electronics for the SYRINX project (in France). These sections are intended for use 
as the primary storage device of a pulse generator with intermediate inductive storage and a plasma opening switch providing 
peaking of the power pulse when the energy is coupled out into a Z-pinch load. 

1. BASIC CIRCUIT OF AN LTD STAGE 

An LTD stage was developed for two parallel-connected HAEFELY capacitors. Each of the capacitors is switched into 
the discharge circuit by its own spark gap. Figure 1 shows the circuit of an LTD stage for the case of a short-circuited second- 

Institute of High-Current Electronics, Siberian Branch of the Russian Academy of Sciences. Grama Research Center, 
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Fig. 2. Construction of an LTD-02 stage with 75-kV oil 
insulation: 1) stage housing; 2) insulator; 3) ferromagnetic 
core; 4) vacuum coaxial line anode; U O, U T, and/) input 
terminals for the charging voltage, trigger pulse, and the 
magnetizing pulse, respectively; G) tube for admitting and 
ejecting dry air; MMCS) spark gap; C) capacitor. 
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Fig. 3. Circuit of the magnetizing pulse generator of one LTD stage (a) and shape of the 
magnetizing current pulse (b). 
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§  The concept was developed at the High Current Electronics Institute (HCEI), Tomsk, Russia. 

§  The original concept generated a current pulse with a 1 µs rise time, and was intended to be 
used with a plasma opening switch to shorten the pulse. 

§  Since then, the concept has been advanced further by HCEI, and in addition, Hutsel, LeChien, 
Leckbee, Long, Mazarakis, McDaniel, Savage, Spielman, Stoltzfus, Wisher, and co-workers 
(Sandia National Labs), Rose and Welch (Voss Scientific), and many others worldwide. 

§  LTDs now generate rise times ~ 100 ns, so an opening switch is no longer needed.  

fundamental LTD circuit 
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LTDs are the greatest advance in prime-power generation 
since the invention of the Marx generator in 1924. 

An LTD does this as an induction voltage adder, in which each of the 
adder’s cavities is driven by LC circuits contained within the cavity: 

LTD module: 

Z Marx generator: 

A Marx generator and an LTD both charge capacitors in parallel and 
discharge them in series.  A Marx does this as an LC circuit: 
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An LTD module is an electromagnetic analogue to a laser: 
Power amplification is achieved by triggered emission of radiation. 



and 
2D LSP simulations 
confirm that an LTD 
module generates a 
clean electrical 
power pulse.  

Calculations agree 
to within 2%: 

§  Analytic model:  
6.49 TW. 

§  1D circuit:         
6.49 TW. 

§  2D LSP 
simulation:        
6.38 TW. 

The simulations 
illustrate power 
amplification. 

t = 80 ns 

t = 160 ns 

t = 240 ns 

t = 320 ns 
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t = 480 ns 

cathode 
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Welch, Rose, and colleagues. 
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Summary 
§  We propose to apply a new architecture to the designs of next-generation pulsed-

power accelerators. 

§  The architecture is based on two concepts:  single-stage electrical-pulse compression 
and impedance matching. 

§  We have applied the architecture to conceptual designs of two machines optimized for 
material-physics research:  Thor and Neptune. 

§  Thor will deliver as much as 7 MA to a load, and achieve magnetic pressures as 
high as 1.7 megabars (across a 1.4-cm-wide planar conductor). 

§  Neptune will deliver as much as 20 MA to a load, and achieve magnetic pressures 
as high as 13 megabars (across a 1.4-cm-wide planar conductor). 

§  We have also applied the architecture to conceptual designs of two machines 
optimized for thermonuclear-fusion experiments:  Z 300 and Z 800. 

§  Z 300 will deliver 48 MA to a MagLIF load.  The goal of Z 300 is to achieve 
thermonuclear ignition; i.e., a liner gain of ~1. 

§  Z 800 will deliver 65 MA to a load.  The goal of Z 800 is to achieve high-yield 
thermonuclear fusion; i.e., a machine gain of ~1. 

§  You are invited to work with us to develop these four next-generation accelerators. 


